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(54) Exhaust gas purifying apparatus 

(57) An exhaust gas purifying apparatus is provided 
which includes a three way catalyst (9a) provided in an 
exhaust pipe of an internal combustion engine; and a 
NOx adsorption/reduction catalyst (9b) provided in the 
exhaust pipe to be located downstream of the three way 
catalyst. Nickel serving as a catalyst source is loaded 
on an alumina support layer of the NOx adsorp- 
tion/reduction catalyst. When the engine operates with 
a fuel-rich air/fuel mixture at a relatively small air-fuel 


ratio, a reducing atmosphere is formed around the NOx 
catalyst, and the reaction to convert NiO into NiS 
occurs, thereby to consume H2S. As a result, consump- 
tion of SO2 proceeds, and the reaction to convert 
BaS04 as an oxidized product of sulfur deposited on the 
NOx catalyst into BaCOs as an NOx adsorbent is accel- 
erated in an oxidizing atmosphere, thereby resuming 
the purifying capability of the NOx catalyst. 
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Description 

The present invention relates to an exhaust gas 
purifying apparatus, and in particular to such an exhaust 
gas purifying apparatus which includes a NOx adsorp- 
tion/reduction catalyst that is able to resume its purifying 
capability in a short time, and which may be suitably 
used in an interna) combustion engine of lean-burn 
combustion type or in-cylinder Injection type. 

One type of exhaust gas purifying device is known 
which includes a three way. catalyst that provides an 
excellent purifying effect while the interna) combustion 
engine is operating in a region around the stoichiometric 
ratio, and a lean-burn NOx catalyst that serves to 
remove NOx (nitrogen oxides) while the engine is oper- 
ating in a lean-burn region. In this type of exhaust gas 
purifying device, the three way catalyst is located on the 
upstream side within an exhaust pipe of the engine, so 
that this catalyst can be rapidly activated so as to pro- 
vide improved exhaust gas characteristics, in particular, 
immediately after the start of the engine. With the puri- 
fying device thus constructed, hydrocarbons and car- 
bon monoxide contained in exhaust gases are 
consumed througti exhaust gas purification of the three 
way catalyst, and therefore the concentrations of hydro- 
carbons and carbon monoxide have been reduced by 
the time when the exhaust gases reach the NOx cata- 
lyst located downstream of the three way catalyst. In 
this type of exhaust gas purifying device in which the 
NOx catalyst is located downstream of the three-way 
catalyst, therefore, a NOx adsorption/reduction catalyst 
is generally used as the NOx catalyst, since little choice 
is left for using a NOx selective-reduction catalyst for 
removing NOx by reacting NOx with hydrocarbon, or the 
like. This NOx adsorption/reduction catalyst has a NOx 
adsorbent that adsorbs NOx in exhaust gases in the 
form of its oxidized product in an oxidizing atmosphere, 
and is adapted to reduce the oxidized product of NOx 
adsorbed on the NOx adsorbent in a reducing atmos- 
phere, so that the NOx is dissolved or converted into a 
harmless nitrogen gas, white regenerating the NOx 
adsorbent. Even where this type of NOx catalyst is 
used, however, NOx is discharged into the atmosphere 
without fc>eing adsorbed onto the catalyst if the amount 
of NOx adsoibed on the catalyst reaches its saturation 
level. 

In view of the above problem, it has been proposed 
in WO 93/07363 to switch the operating region of the 
internal combustion engine from a lean-burn region to a 
rich'burn region before the amount of adsorbed NOx 
reaches its saturation (evel, so as to form a reducing 
atmosphere around the catalyst, thereby to reduce the 
oxidized product of NOx in this reducing atmosphere. 

However, an oxidized product of sulfur contained in 
the fuel, in addition to the oxidized product of NOx. is 
also deposited on the NOx catalyst. The thus deposited 
substances prevent deposition of NOx onto the catalyst 
thereby reducing the NOx purifying or removing capabil- 


ity of the catalyst. Further, it is particularty difficult to 
reduce and remove the oxidized product of sulfur which 
has been deposited on the catalyst, 

In view of the above problem, Japanese laid-open 

5 Patent Publication (Kokai) No. 6-88518 discloses a 
technique for resuming the purifying capability of the 
NOx catalyst, wherein the engine is controlled to oper- 
ate in a rich-burn combustion region with the NOx cata- 
lyst being placed in a high-temperature environment, 

10 thereby to reduce and remove the oxidized product of 
sulfur. 

In the technique disclosed in the above publication, 
however, the air-fuel ratio needs to be considerably 
reduced to provide a highly rich air/fuel mixture in order 

15 to reduce and remove the oxidized product of sulfur, and 
the fuel economy and exhaust-gas characteristics dete- 
riorate during the regeneration process of this catalyst. 
Also, the output torque of the engine is undesirably 
changed due to changes in the air-fuel ratk> upon tran- 

20 sition from the normal operating region of the engine to 
the regeneration-process operating region, and upon 
return from the regeneration-process operating region 
to the normal operating region. In addition, it takes a 
considerably long time to reduce and remove the oxi- 

25 dized produce of sulfur through the regeneration proc- 
ess as described above. During this time, the above- 
described problems occur due to execution of the 
regeneration process. 

tt is therefore an object of the present invention to 

30 provide an exhaust gas purifying apparatus wherein the 
purifying capability of an NOx catalyst can t>e resumed 
in a relatively short time, by accelerating reduction of an 
oxidized product of sulfur deposited on the NOx cata- 
lyst. 

35 To accomplish the above object, the present inven- 
tion provides an exhaust gas purifying apparatus com- 
prising: a three way catalyst provided in an exhaust pipe 
of an internal combustion engine; and a NOx adsorp- 
tion/reduction catalyst provided in the exhaust pipe to 

40 be located downstream of the three way catalyst, 
wherein Nr or an oxide of Ni is added to the NOx adsorp- 
tion/reduction catalyst. 

in the exhaust gas purifying apparatus described 
above, when an oxidizing atmosphere is introduced into 

45 the exhaust pipe, a NOx adsorbent (catalyst source) 
which is present in the form of, for example, a metal 
oxide on the surface of the NOx catalyst reacts with 
NOx contained in exhaust gases, to thus form an oxi- 
dized product of NOx. The NOx adsort)ent as described 

so above also reacts with SO3 formed from SO2 that is 
generated by combustion of a sulfur content in the fuel, 
thereby to produce an oxidized product of sulfur. The 
thus formed oxidized products of NOx and sulfur are 
deposited on the NOx adsorption^eduction catalyst 

55 and reduce its purifying capability 

When a reducing atmosphere is introduced into the 
exhaust pipe, SO2 contained in the exhaust gases is 
reduced on the three way catalyst and NOx catalyst, 
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and hydrogen sulfide is formed. The hydrogen sulfide 
thus formed reacts with an oxide of nickel that is present 
on the NOx catalyst to which Ni or an nickel oxide is 
added, thereby to form a nickel sulfide. Also, the reac- 
tions to reduce an oxidized product of NOx and an oxi- 
dized product of sulfur take place. 

it is to be noted that hydrogen sulfide is consumed 
as the above reducing reaction on the NOx catalyst to 
form nickel sulfide proceeds. To compensate for the 
hydrogen suWIde consumed in this manner, the above- 
described reduction to form hydrogen sulfide from SO2 
Is accelerated, and SO2 Is consumed. To compensate 
for the S02 thus consumed, the reaction that occurs on 
the NOx catalyst to reduce the oxidized product of sulfur 
is accelerated. Namely, the use of the NOx adsorp- 
tion/reduction catalyst containing Ni results in an equi- 
librium state which causes rapid progress of the 
reaction in which the oxidized product of sulfur is con- 
verted into a NOx adsorbent. Consequently, the oxi- 
dized product of sulfur which induces reduction of the 
purifying capability of the NOx catalyst can be elimi- 
nated in a relatively short time. 

The exhaust gas purifying apparatus as described 
above may further include temperature increasing 
means for increasing the temperature of the NOx 
adsorption/reduction catalyst. In this apparatus, the 
temperature of the NOx catalyst is increased during the 
reaction to reduce the oxidized product of sulfur, so that 
this reducing reaction can be accelerated. 

In one preferred form of the exhaust gas purifying 
apparatus as described just above, the temperature 
increasing means may consist of exhaust gas tempera- 
ture increasing means for increasing the temperature of 
exhaust gases discharged from the engine into the 
exhaust pipe. In this apparatus, the temperature of the 
NOx catalyst may foe increased without using a heater 
for heating a catalyst. 

In another preferred form of the exhaust gas purify- 
ing apparatus as described above, the temperature 
increasing means may consist of ignition timing control 
means for retarding the. ignition timing of the internal 
combustion engine. In this apparatus, the temperature 
of the exhaust gases, and consequently that of the NOx 
catalyst, can be increased by retarding the. ignition tim- 
ing of the internal, combustion engine. 

The' exhaust, gas purifying apparatus may be 
installed in an in-cyiinder injection type internal combus- 
tion engine in which a fuel is directly injected into each 
combustion chamber of the engine. In this case, the 
exhaust gas temperature increasing means may consist 
of fuel injection control means tor conducting fuel injec- 
tion with respect to each cylinder of the engine a plural- 
ity of times during one combustion cycle of each 
cylinder. 

In the apparatus described just above, the fuel can 
be injected into each cylinder of the engine in suitable 
timing a plurality of times during one combustion cycle, 
so that the temperature of the exhaust gases, and con- 


sequently, that of the NOx catalyst, can be increased. 

The exhaust gas purifying apparatus as described 
above may further include air -fuel ratio control mans for 
controlling the air-fuel ratio of the internal combustion 

5 engine so as to provide a fuel-rich air/fuel mixture. W\Xt\ 
this arrangement, the engine operates in a rich-burn 
combustion mode, so that a reducing atmosphere is 
suitably formed around the NOx catalyst, thereby to 
induce reactions needed to resume the purifying capa- 

10 bility of the NOx catalyst. 

Ihe invention will be described in greater detail with 
reference to a preferred embodiment thereof and the 
accompanying drawings, wherein: 

15 Fig. 1 is a schematic view showing the construction 
of a lean-burn internal combustion engine equipped 
with an exhaust gas purifying apparatus according 
to one embodiment of the present invention; 
Fig. 2 is a flowchart of a refresh control routine that 

20 is executed by an electronic control unit (ECU) of 
the engine of Fig. 1; 

Fig. 3 is a flowchart of a NOx refresh operation sub- 
routine that is executed in the refresh control rou- 
tine of Fig. 2; 

25 FiQ. 4 is a flowchart of a SOx refresh operation sub- 
routine that is executed in the refresh control rou- 
tine of Fig. 2: 

Rg. 5 is a view showing the implementation time 
and period of each of the NOX refresh operation 
30 and SOx refresh operation; and 

Rg. 6 is a view schematically showing a part of 
reactions that occur in a reducing atmosphere on 
an NOx adsorption/reduction catalyst containing Ni. 

35 An in-cylinder fuel injection type internal combus- 
tion engine equipped with an exhaust gas purifying 
apparatus according to one embodiment of the present 
invention will be described in detail with reference to the 

drawings.. 

40 Referring first to Fig. l, reference numeral 1 
denotes a straight four-cylinder, four-cycle gasoline 
engine of spark ignition, in-cylinder fuel injection type. In 
a cylinder head of this engine 1 . a spark plug 3 and a 
solenoid-operated type fuel injection valve 8 are 

45 mounted with respect to each cylinder, such that a fuel 
can be directly injected from the fuel injection valve 8 
into a combustion chamber 1a. A semi-spherical cavity 
1c is formed at the top lace of the piston 1b provided in 
the cylinder. When the piston 1 is positioned at around 

so its top dead center (TOG), a fuel spray injected from the 
fuel injection valve 8 reaches the inside of the cavity 1c. 
In the upper portion of the cylinder head, intake-side 
and exhaust-side camshafts for driving intake and 
exhaust valves 4. 5, respectively, are supported such 

55 that these camshafts are freely rotatable. 

An intake port 2a for each cylinder is formed in a 
substantially upright direction in the cylinder head, and 
intake air passing through this intake port 2a is able to 
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produce so-cailed reverse swirl flow in the combustion 
chamber la. An exhaust port 3a is formed in a substan- 
tially horizontal direction, and a iarge-diameter EQR 
port (not shown) diverges obliquely from this exhaust 
port 3a. 

The engine system as shown in Fig, 1 further 
includes a water temperature sensor 19 for detecting 
the temperature of cooling water or coolant, crank-angle 
sensor 21 which outputs crank angle signals at certain 
crankshaft positions (for example, S'* BTDC and 
BTDC) in each cylinder, and an ignition coil 34 for apply- 
ing high voltage to the ignition coil 35. The camshaft Is 
provided with a cylinder discrimination sensor (not 
shown) that outputs a cylinder discrimination signal, 
which is used for determining or identifying a cylinder 
that corresponds to each crank-angle signal of the 
crank-angle sensor. 

An intake pipe 6 is connected to the intake port 2a, 
through an intake manifbkl 2 having a surge tank 20. 
aiid an air cleaner 6a. a throttle body 6b, and a step- 
motor type idle speed control valve (idle control valve) 
1 6 are provided in the intake pipe 6. The intake pH>e 6 is 
also provided with a large-diameter air bypass pipe 50a 
for inducting intake air into the intake manifold 2 while 
bypassing the throttle body 6b. and a linear-solenoid 
type, large-sized air bypass valve (ABV) 50 is disposed 
in the air bypass pipe 50a. The air bypass pipe 50a has 
a channel area which is commensurate with that of the 
intake pipe 6. When the air bypass valve 50 is placed in 
the fully opened state, the amount of the intake air 
required in an engine low> or middle-speed range can 
be supplied to the engine 1 through the air bypass pipe 
50a. The idle control valve 16 has a smaller channel 
area than the air bypass valve 50, and may be used for 
controtrrng ttie amount of the intake air with high accu- 
racy 

The throttle body 6b is provided with a throttle valve 
7, a throttle sensor 14 for detecting the throttle opening, 
and an idle switch 15 for detecting the fully closed state 
of the throttle valve 7. Also, the air cleaner 6a incorpo- 
rates intake air temperature sensor 12 and atmospheric 
pressure sensor 13 for obtaining the density of the 
intake air, and output signals representing the intake air 
temperature and the atmospheric pressure are gener- 
ated Irom these sensors 12.13, respectively A Karman 
vortices air flow sensor 1 1 is provided in the vicinity of 
the inlet of the intake valve 6, for generatmg a vortex 
generation signal which is proportional to a volume air 
flow rate of the intake air inducted during one intake 
stroke. 

The EGR port as indicated above is connected to a 
location downstream of the throttle valve 7 and 
upstream of the intake manjfbld 2. An EGR pipe 10b is 
provided with a step-motor type EGR valve 10a. and 
this EGR valve 10 and EGR pipe 10b constitute an EGR 
device 10. 

In Rg. 1, reference numeral 17 denotes an O2 sen- 
sor attached to the exhaust manifold 3 for detecting an 


oxygen concentration of exhaust gases, and reference 
numeral 9 denotes a catalytic converter (exhaust gas 
purifying device) provided in the exhaust pipe 3b for 
purifying exhaust gases, 

5 The catalytic converter 9 includes a three way cata- 
lyst 9a disposed in the exhaust pipe 3b, and a lean^burn 
NOx catalyst 9b disposed in the exhaust pipe 3b down- 
stream of the three way catalyst 9a. Three harmful com- 
ponents, namely. CO, HC, NOx, contained in the 

10 exhaust gases discharged from the combustion cham- 
ber la of the engine 1 into the exhaust pipe 3b are suf- 
ficiently removed by the three way catalyst 9a while the 
engine 1 is operating with an air/fuel mixture whose air- 
fuel ratio is ciose to the stoichiometric ratio. The lean- 

15 burn NOx catalyst 9b has a function of removing NOx in 
the exhaust gases whk;h cannot be sufficiently removed 
by the three way catalyst 9a while the engine 1 is oper- 
ating in a lean-burn combustion mode. Accordingly, the 
catalytic converter 9 induding both the NOx catalyst 9b 

20 and the three way catalyst 9a is suitably used in the in- 
cylinder fuel injection type engine 1 or other lean-burn 
combustion type engine, which is often operated with a 
fuel-lean mixture in an attempt to improve the fuel econ- 
omy In addition, the three way catalyst 9a. which is 

25 located in an upstream portion of the exhaust pipe 3b, 
can be activated in an early period of engine operation, 
and therefore the engine 1 shows a high capability to 
purify the exhaust gases immediately after it is started. 
TTie lean-burn NOx catalyst 9b consists of a t^Ox 

so adsorption/reduction catalyst. This NOx adsorp- 
tion/reduction catalyst 9b includes a support layer 
formed of. for example, AlgOg (alumina), and various 
catalyst sources loaded on this support layer. The NOx 
catalyst 9b of the preserrt embodiment uses catalyst 

35 sources selected from alkali metals, alkali earth metals, 
and alkali rare earth metals, such as Pt (platinum), Rh 
(rhodium), Ba (barium). K (potassium). La (lanthanum), 
and Ce (cerium). This NOx catalyst 9b is characterized 
by further containing Ni (nickel). In the present embodi- 

40 mem. Nl fine particles are dispersed and loaded on the 
surface of the alumina sipport layer or In the surface 
portion of this layer. To load the fine nickel particles on 
the alumina support layer, Ni is added to the other cata- 
lyst sources and liquified, and the support is immersed 

45 In the resulting catalytic solution, so that a catalyst layer 
is formed on the surface of the support. The catalyst 
sources as listed above may be in the form of metal 
oxides. For example. Ba may take the form of BaCOa, 
which functions as a NOx adsorbing agent. 

so An exhaust emission purification system of the cat- 
alytic converter 9 as described above will be explained 
below. 

When the engine 1 operates in a lean-burn com- 
bustion mode (which corresponds to a compression 
55 stroke injection lean-burn mode or an intake stroke 
injection lean-bum mode), and an oxidizing atmosphere 
exists in the exhaust pipe 3b. the following reactions (1) 
- (4) are supposed to occur on the three way catalyst 9a. 
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SO2 + I/2O2 SO3 (1) 

3SO3 + 2Ce02 062(804)3 + I/2O2 (2) 

2HC + 5/2O2 -> H2O + 2CO2 (3) 

CO+1/202-^C02 (4) 

On the other hand, the following reactions (5) - (7) 
are supposed to occur on the NQx catalyst 9b. 

SO3 + BaC03 ^ BaS04 + CO2 (5) 

NO + BaCOs + 3/2O2 -> Ba(N03)2 + CO2 (6) 

NiS + 3/2O2 -> NiO + SO2 (7) 

As indicated in the above reaction formulae, most of 
sulfur-containing components contained in the fuel are 
burned in the combustion chamber, and discharged in 
the form of SO2 into the exhaust pipe 3b, and the SOg 
react with oxygen in the exhaust gases on the three-way 
catalyst 9a, to provide SO3. The thus formed SO3 reacts 
with CeOg on the three way catalyst 9a, to produce 
€62(804)3. Namely. SO3 is trapped by the catalyst 9a in 
the form of €62(804)3. A remaining portion of SO3 that 
was not trapped by the three way catalyst 9a flows 
toward the NOx catalyst 9b. and reacts with BaCOa as 
an NOx adsorbent on the NOx catalyst 9b, to thus form 
BaS04 as one type of sulfate X-SO4 that is an oxidized 
product of sulfur. This BaS04 is deposited on the sur- 
face of the NOx catalyst 9b, and reduces the purifying 
capability of the NOx catalyst 9b. 

Also, NO contained in the exhaust gases reacts 
with BaCOs, to produce Ba(N03)2 as one type of nitrate 
X-NOx that is an oxidized product of NOx. As a result, 
NOx contained in the exhaust gases is adsorbed by the 
NOx adsorbent. In the presence of SO3, however, the 
above-indicated reaction (5) for fornning BaS04 is more 
likely to occur than the reaction (6) for adsorbing NOx. 
and therefore the purifying capability of the NOx catalyst 
deteriorates. 

In the meantime, NiS in the formula (7) is produced 
through a reaction (which will be described later) for 
reducing NiO on the NOx catalyst 9b in a reducing 
atmosphere. .This NiS reacts with excessive oxygen in 
the exhaust gases to produce NiO, which remains on 
the surface of the NOx catalyst. CO2 or SO2 that appear 
as a result of the above reactions are discharged or 
released into the atmosphere. 

When the engine 1 operates with a fuel-rich mixture 
in a rich-burn combustion mode (that corresponds to an 
open loop mode and a refresh operation), and a reduc- 
ing atmosphere exists in the exhaust pipe 3b. the follow- 
ing reactions (11) - (13) are supposed to occur on the 
three way catalyst 9a. 

SO2 + 3H2 H2S + 2H2O (1 1) 


€62(804)3 + 1 1H2 -> 3H2S + 2Ce02 + 8H2O (12) 
NO + CO -> I/2N2 + CO2 (13) 

5 On the other hand, the following reactions (14) - 
(18) are supposed to occur on the NOx catalyst 9b. 

63364 + CO BaCOs + SO2 (14) 

10 SO2 + 3H2 -> HgS + 2H2O . (15) 

NiO+H2S ^ NiS+H20 (16) 

Ba(N03)2 + CO BaC03 + 2NO + O2 (17) 

15 

NO + CO 1/2N2 + CO2 (18) 

In the reducing atmosphere. SO2 contained in the 
exhaust gases is reduced by the three way catalyst and 
20 NOx catalyst, and H2S is formed. This HgS reacts with 
NiO on the NOx catalyst to form NiS, which remains on 
the surface of the NOx catalyst. Therefore. H2S having 
an odor is prevented from being released into the 
atmosphere. 

25 As indicated in the formula (14), BaS04 as a sulfate 
containing sulfur reacts with CO contained in the 
exhaust gases, and is reduced into BaCOs as a NOx 
adsorbent. As a result of this reduction, SO2 is gener- 
ated. 

30 In general, the reduction as indicated in the reaction 
formula (14) is less likely to proceed when the NOx cat- 
alyst is placed at a high temperature. Namely, it is diffi- 
cult to reduce and remove BaS04 deposited on the 
surface of the NOx catalyst in a short time. In the con- 

35 ventional NOx adsorption/reduction catalyst, the pres- 
ence of H2S prevents conversion of the oxidized product 
of sulfur into the NOx adsorbent as indicated in the for- 
mula (14). 

In the present embodiment, Ni is added as a cata- 

40 lyst source to the NOx catalyst 9b, so as to accelerate 
the reduction of the reaction formula (14). thereby to 
remove BaS04 in a relatively short time, (refer to Fig. 6). 

fvlore specifically, as the reduction of NiO into NiS 
as indicated in the formula (16) proceeds on the NOx 

45 catalyst, H^S is consumed. Thus, Ni that is added to the 
NOx catalyst 9b takes the form' of NiO. and functions to 
remove H2S that prevents conversion of the oxidized 
product of sulfur into the NOx adsorbent. In other words, 
NiO functions as a sulfur absorbent for absorbing a eul- 

50 fur content that appears in the form of HgS. 

To compensate for H2S consumed as a result of 
conversion of NiO into NiS. the reduction of SOg Into 
HgS as indicated in the formula (15) is accelerated on 
the NOx catalyst. To compensate for the SO2 thus con- 

55 sumed. the reduction of BaS04 into BaCOa as indicated 
in the formula (14) is accelerated on the NOx catalyst. 
As a result, BaS04 that induces reduction of the purify- 
ing capability of the NOx catalyst can be removed in a 
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relatively short time, and thus the NOx catalyst resumes 
its purifying capability to a satisfactory level. 

As described tater, in the present embodiment, the 
engine operates in a rich-burn mode at a relatively small 
air-fuel ratio in a condition where the temperature of 
exhaust gases, or that of NOx catalyst, has been 
increased by retarding or decaying We ignition timing of 
the engine 1, so as to accelerate the reduction of the 
formula (14) for renfioving 8aS04. 

In the exhaust gas purifying apparatus that uses the 
combination of the three way catalyst and the NOx 
adsorption/reduction catalyst located downstream of 
the three way catalyst, it is inconvenient or undesirable 
to add Ni to the three way catalyst because the NOx cat- 
alyst is poisoned by sulfur. Namely, if NiS is produced 
on the three way catalyst to which Ni is added, as a 
result of the reaction as indicated above in the formula 
(16). NiS is oxidized in the oxidizing atmosphere, 
thereby to produce NiO and SO2 as indicated in the for- 
mula (7), and SOg is oxidized into SO3. If the SO3 
reaches the NOx catalyst, the NOx adsorbent as indi- 
cated in the formula (5) is poisoned by the SO3. 

Next, the engine 1 and its surrounding corr^nents 
will be further explained. 

Although not illustrated in the figures, the fuel 
reserved in a fuel tank that is installed in the rear portion 
of the vehicle body is sucked up by a motor-driven, low- 
pressure fuel pump, and delivered toward the engine 1 
through a low-pressure feed pipe. The fuel is then sup- 
plied into each fuel injection valve 8 by a high-pressure 
fuel pump, through a high-pressure feed pipe and a 
delivery pipe. 

An electronic control unit (ECU) 23, which is 
installed in the vehicle compartment, includes input and 
output devices (not shown), memory devices (such as 
ROM. HPJM, and non-volatile RAM) for storing control 
progranns. control maps, and the like, a central process* 
ing unit (CPU), a time counter, and so on, and is 
adapted to control the whole system of the engine 1. 

To the input of the ECU 23 is connected an air con- 
ditioner that provides a load Of the engine 1 during its 
operation, a power steering system, and switches for 
detecting the operating conditions of an automatic 
transmission system and other equipment. 

The ECU 23 determines a fuel injection mode as 
descried later, fuel injection amount (air-fuel ratio), fuel 
injection finish time, ignition timing, the amount of EGR 
gas to be introduced, and so on, based on input signals 
from various sensors and switches as described above. 

In the present entbodiment, in order to accelerate 
reduction and removal of a sulfate (BaS04) that causes 
reduction of the purifying capability of the NOx catalyst 
9b, thereby to resume the purifying capability in a short 
time, the engine 1 operates in a rich-burn mode at a rel- 
atively small air-fuel ratio while the temperature of 
exhaust gases, or that of NOx catalyst, is increased by 
retarding the ignition timing of the engine 1. In other 
words, tine exhaust gas purifying apparatus of the 


present embodiment includes an ignition timing control 
means for retarding the ignition time, and an air-fuel 
ratio control means for controlling the air-fuel ratio to 
provide a fuel-rich air/fuel mixture. The ECU 23 fulfills 

5 the ignition timing retarding function and air-fuel ratio 
control function of these means in the manner as 
described later. 

The operation of the engine 1 constructed as 
described above is normally controlled by the ECU 23 in 

10 the following manner. 

When the engine is started in a cool state, or is 
being in an idling operation, a suction stroke injection 
mode is selected, and the fuel is injected into each cyl- 
inder of the engine so as to provide a fuel-rich air/fuel 

15 mixture, or a relatively small air-fuel ratio. In this mode, 
the air bypass valve (ABV) 50 is closed, and the intake 
air is supplied to the combustion chamber la through a 
clearance of the throttle valve 7 or from the idle control 
valve 16. Also, in order to control the idle speed, the idle 

20 control valve 16 (and the air bypass valve 50 as needed) 
is controlled in accordance with an increase or 
decrease, of the engine load due to accessories, such 
as an air conditioner. If the O2 sensor 17 detects the 
activation temperature (i.e., temperature at which the 

25 catalytic converter 9 is activated) , aMuel ratio feedback 
control based on the output voltage of the O2 sensor 1 7 
is started, and the three way catalyst 9a of the catalytic 
converter 9 purifies exhaust gases so as to renrKSve 
harmful components contained in the exhaust gases. 

3D When the idling operation of the engine 1 is fin- 
ished, the current fuel injection control region (engine 
operating region) is searched from a map (not illus- 
trated), based on the target average effective pressure 
derived from the throttle opening 0 th. and the engine 

35 speed, the fuel injection mode and fuel injection amount 
which match the searched control region are deter- 
mined and used for driving the fuel injection valve 8. At 
the same time, the opening or closing of the air bypass 
valve 50 and EGR valve 45 is also controlled. 

40 More specif icaUy> while the engine is operating with 
a low load, at a low speed, for example, during an idling 
operation, it is determined that the operating region of 
the engine is in a compression stroke injection lean- 
burn region, and a compression stroke fuel injection 

45 mode is selected. In this mode, the air bypass valve 50 
and EGR valve 10a are opened depending upon the 
operating conditions of the engine, and the fuel injection 
is controlled so as to provide a fuel-rich air/fuel mixture 
having an air-fuel ratio of about 20 to 40. 

50 In this case, a fuel spray injected from the fuel injec- 
tion valve 8 is maintained in the cavity 1c of the piston 
lb due to reverse swirl formed in the combustion cham- 
ber la by the intake air flowing from the intake port 2a, 
so that an air/fuel mixture around the stoichiometric 

55 air/fuel ratio is formed around the ignition plug 35 at the 
point of timing of ignition. As a result, even the fuel-lean 
mixture, wfiich as a whole has a considerably large air- 
fuel ratio, can be fired or ignited, while assuring reduced 
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discharge of CO and HC, and significantly improved fuel 
economy. The discharged amount of NOx is also 
reduced due to re-circulation of the exhaust gases. 

While a middle load is being applied to the engine, 
the engine operates in an intake stroke lean-bum region s 
or stoichiometric ratio feed-back control region (S-F/B 
region), and therefore an intake stroke fuel injection 
mode is selected. In the intake stroke lean-burn region, 
the opening of the air bypass valve 50 and the fuel injec- 
tion amount are controlled so as to provide a fuel-lean io 
air-rich mixture having a relatively large air/fuel ratio (of 
about 20 to 23). When the engine is in the S-F/B region, 
the open/closed states of the air bypass valve 50 and 
EGR valve I0a are controlled, and air-fuel ratio feed- 
back control is performed in accordance with the output is 
voltage of the O2 sensor 1 7. 

When the engine is being rapidly accelerated or 
operating at a high speed, an open loop region is deter- 
mined as the operating region of the engine 1 . and the 
intake stroke injection mode is selected. At the same 20 
time, the air bypass valve 50 is closed, and the fuel 
injection is controlled so as to provkle a fuel-rich mixture 
having a relatively small air-fuel ratio. 

While the engine is in. a coasting or steady-state 
operation with the vehicle running at a middle or high 2S 
speed, a fuel cut region is determined as the engine 
operating region, and the fuel injection is completely 
stopped. 

Referring to Fig. 2 through Fig. 4, refresh control 
executed by the ECU 23 will be described. 30 

This refresh control is performed in an attempt to 
reduce and remove nitrate X-NO3 and sulfate X-SO4 
(Ba(N03)2 and BaS04 in this embodiment) which are 
oxidized products of NOx and SOx contained in the 
exhaust gases, so as to resume the purifying capability 35 
of the NOx catalyst 9b. As described later, in this refresh 
control, a NOx refresh operation and a SOx refresh 
operation are performed as needed. 

When' the time of execution of the refresh control 
comes in a fuel injection control routine (not shown), 40 
while the fuel injection control based on the engine 
operating region is being performed as described 
above, a refresh control routine as illustrated in Fig. 2 
starts being executed. 

Initially, step SI is executed to determine whether 45 
the engine 1 is operating in a lean-burn combustion 
region (compression stroke injection lean-burn region or 
intake stroke injection lean-burn region). If a negative 
decision (No) is obtained in this step, namely, if the 
engine is not operating with a fuel-lean mixture, this so 
refresh control routine is once terminated, and then exe- 
cuted again, starting with step Si . upon a lapse of a 
control routine execution period Tc. 

While the engine is operating in the lean-burn 
mode, an oxidizing atmosphere is present in the 55 
exhaust pipe 3. and the above-indicated reactions (1) - 
(4) and reactions (5) - (7) occur on the three way cata- 
lyst 9a and NOx catalyst 9b. As a result, BaS04 and 


Ba(N03)2 di*® skwiy deposited on the NOx catalyst 9b, 
thus slowly reducing the purifying capability of this cata- 
lyst. 

If the above-described step SI determines that the 
engine is operating in the lean-burn mode, the control 
flow goes to step S2 in which the control routine execu- 
tion period Tc is added to the first count time T1 which 
represents the total implementation time of the lean- 
burn operation of the engine after the point of time when 
the last NOx refresh operation was finished, and the 
control routine execution period Tc is added to the sec- 
ond count time T2 which represents the total implemen- 
tation time of the lean-burn operation of the engine after 
the point of time when the last SOx refresh operation 
was finished. For example, the count value of each of 
timer counters (not shown) for counting T1 and T2, 
respectively, is incremented by value 1 that corresponds 
to the period Tc. In this connection, the initial value of 
the time T1 , T2 is zero. 

Step S3 is then executed to read a first predeter- 
mined time Tiref from a memory device of the ECU 23. 
and determine whether tiie first count time T1 has 
reached the first predetermined time T1 ref. If a negative 
decision (No) is obtained in step S3, step S4 is executed 
to read a second predetermined time T2r6f from the 
memory device, and determine whether the second 
count time T2 has reached the second predetermined 
time T2ref. If a negative decision (No) is obtained in step 
S4, the present routine is once terminated. 

The first and second predetermined times Tiref, 
T2ref are set to respective lengths of time in which the 
amounts of Ba(N03)2 and BaS04 deposited on the NOx 
catalyst 9b do not exceed respective allowed values 
even where the lean-burn operation is continuously or 
intermittently performed by the engine over these 
lengths of time, regardless of the engine operating con- 
ditions during the lean-burn operation. 

As shown in Fig. 5. the second predetermined time 
T2ref is set to be longer than the first predetermined 
time Tiref. This is because the content of SOx in the. 
exhaust gases is smaller than the content of NOx. and 
the speed of deposition of BaS04 onto the NOx catalyst 
during the lean-burn operation of the engine is slower 
than that of depositton of Ba(N03)2. 

If an affirmative decision (Yes) is obtained in the 
above step S3, namely, if it is determined that the first 
predetermined time Tiref has elapsed after the point of 
time at which the last NOx refresh operation is finished, 
there is a possibility tiiat the deposited amount of 
Ba(N03)2 exceeds the allowed value, and therefore 
step S5 is executed to perform a NOx refresh operation 
so as to reduce and remove Ba(N03)2. In this NOx 
refresh operation, the engine 1 is operated over the time 
required for releasing NOx. at an air-fuel ratio suitable 
for releasing Ba(N03)2. and consequently releasing 
NOx. 

More specifically, in a subroutine of NOx refresh 
operation as shown in Fig. 3, tiie fuel injection time is 
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SOx refresh operations tnref and tsref. 

While Ni is added to the catalyst in the illustrated 
embodiment, an oxide of Ni may be added. When the 
catalyst reaches its activation temperature under a lean 
atmosphere, Ni reacts with Og so that NiO is present on s 
the catalyst. For this reason, an oxide of Ni may be 
added in advance. 

Clainns 

10 

1 . An exhaust gas purilying apparatus comprising: 

a three way catalyst provided in an exhaust 
pipe of an interna! combustion engine; and 

IS 

a NOx adsorption/reduction catalyst provided 
in the exhaust pipe to be located downstream 
of said three way catalyst. 

wherein Ni or an oxide of Ni is added to 
said NOx adsorption/reduction catalyst 20 

2. An exhaust gas purifying apparatus as defined in 
claim 1 , further comprising temperature increasing 
means for increasing a temperature of said NOx 
adsorption/reduction catalyst. 25 

3. An exhaust gas purifying apparatus as defined in 
claim 2, wherein said temperature increasing 
means comprises exhaust gas temperature 
increasing means for increasing a temperature of so 
exhaust gases discharged from the internal conv 
bustion engine into the exhaust pipe. 

4. An exhaust gas purifying apparatus as defined in 
claim 3. wherein said exhaust gas temperature 3s 
increasing means comprises ignition timing control 
means for retarding an ignition time of the internal 
combustion engine. 

5. An exhaus gas purifying apparatus as defined in 40 
claim 3 or 4, wherein the Internal combustion 
engine is an in-cylinder injection type internal com- 
bustion engine in which a fuel is directly injected 
into each combustion chanrtber of the engine, and 
wherein said exhaust gas temperature increasing 45 
means comprises fuel injection control means for 
conducting fuel injection with respect to each cylin- 
der of the engine a plurality of times during one 
combustion cycle of said each cylinder. 

so 

6. An exhaust gas purifying apparatus as defined in 
any one of claims 1 to 5. further comprising air-fuel 
ratio control means for controlling an air-fuel ratio of 
the internal combustion engine so as to provide a 
fuel-fich air/fuel mixture. ss 
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